Abstract DNA samples were obtained from children with
number and severity of serious malformations, the syndrome is compatible with prolonged life.
Recently, the parental origin of de novo structural abnormalities has aroused much interest. Of particular note is the observation that Prader-Willi and Angelman's syndromes, two syndromes with nonoverlapping clinical features, may be associated with similar deletions of the proximal long arm of chromosome 15. Deletions associated with Prader-Willi syndrome are almost always of paternal origin,26 whereas those associated with Angelman's syndrome are of maternal origin. [7] [8] [9] [10] [11] [12] [13] DNA samples were originally obtained from children with Wolf-Hirschhorn syndrome and their parents to assist with gene mapping studies of 4pl6.3; this region is known to contain the Huntington's disease gene and has been the subject of intensive investigation since 1983.14 A panel of seven families was studied using DNA polymorphisms from the relevant region in order to determine the parental origin of the chromosomal anomaly resulting in Wolf-Hirschhorn syndrome.
Patients and methods Venous blood samples were obtained from children with Wolf-Hirschhorn syndrome and their parents. Local ethical committee approval had been obtained and each family was provided with a full explanation of the nature of the proposed research.
Chromosome preparations, suitable for high resolution studies, were obtained using deoxycytidine release of a thymidine block to induce synchronous cell division.'5 G banding was accomplished using a modification of the method of Seabright. 16 R banding was accomplished by a method adapted from that of Perry and WolfI7 which included the addition of BrdU (20 1tg/ml) for the last five hours of culture to release a methotrexate block, the exposure of the chromosome preparations to UV light, treatment with 2xSSC at 60°C for 10 minutes, and staining with 10%/o Giemsa.
DNA extracted from venous blood samples was digested to completion with the appropriate restriction enzyme according to the manufacturer's instructions. The particular combinations ofDNA probe, restriction Patenal origin ofthe chromosomal deletion resulting in Wolf-Hirschhorn syndrome (27) . The loci at which absence of inheritance of the paternal allele was shown for each family are listed in table 2. The aim of the experiment was to determine the parental origin of the deletion; therefore, once the parental origin could be identified clearly for a particular patient no further analysis was undertaken.
Analysis of the 3' hypervariable regions of the a globin and mucin loci indicated that non-paternity was not likely to be an alternative explanation for these results. Fig 2 provides an example of the molecular analysis for one of the families. In our population, the probability of excluding non-paternity using the 3' hypervariable a globin probe is 83-690/o (unpublished data), which is in close agreement with that published by Collaborative Research Incorporated (87-68%). Similarly, the probability of excluding nonpaternity in our population, using the probe from the mucin locus, is 23-75%. Taken together, the probability of missing non-paternity in this study is less than 5%. 
Discussion
Our results indicate that de novo structural chromosomal abnormalities resulting in the Wolf-Hirschhorn phenotype occurred on the paternal chromosome in all seven cases studied. The parental origin of two other cases has been reported previously20 21; in each case the mutation occurred on the paternal chromosome. The probability that all nine mutations occurred on the paternal chromosome by chance is 1 in 512 (29) . It is, therefore, likely that paternal chromosomes have a predisposition for this type of mutation. A paternal age effect was considered but is unlikely to be the explanation for this observation (table 2) . The possibility of an environmental influence requires further consideration. There has been some evidence to suggest an increase in the occupational exposure to hydrocarbons among fathers of children with the Prader-Willi syndrome,22 but consistent evidence to support this as a mechanism causing de novo structural abnormalities is lacking. The parental origin of a variety of structural chromosome rearrangements has been noted previously. Olson and Magenis,2' using chromosome heteromorphisms, found 27/32 were paternal and, in reviewing published reports, noted that an additional 28/39 were also paternal. In both series a significant paternal age effect was absent, as was evidence of exposure to radiation, drugs, or chemicals. More recently, the parental origin of cri du chat (5p) syndrome has been reported; in 20/25 cases the deletions were of paternal origin.23 This contrasts strongly with the observation that de novo trisomies show a significant maternal age effect and the majority of errors are of maternal origin.24 The parental origin of a number of genetic diseases has been reviewed recently25 26 and the preponderance of the paternal origin of de novo structural abnormalities is probably related to differences between the mechanisms for egg and sperm production.
The phenomenon of differential expression of genes depending on their parental chromosome of origin, genetic imprinting, has received much attention recently.27 Although much of the evidence favouring this as a mechanism during development comes from animal experiments, a clear example in humans is the hydatidiform mole, which results from a diploid paternal set of chromosomes. Imprinting is considered to be a possible explanation for the observation that children with Prader-Willi and Angelman's syndromes may have similar chromosomal deletions, but the particular phenotype depends on which parental set of genes is lost, usually paternal in the case of Prader-Willi syndrome and usually maternal in the case of Angelman's syndrome.7 12 13 It has been suggested that the distal part of chromosome 4p could be imprinted and thereby explain the phenomenon that patients with the severe juvenile form of Huntington's disease inherit the disease from their fathers. It would be tempting to consider imprinting as a mechanism to explain the paternal origin of Wolf-Hirschhorn syndrome; this would imply that mutations of the maternal chromosome resulted in failure of embryonic development or fetal loss, a hypothesis which currently cannot be tested. Against imprinting being an explanation for the current observation is the fact that female carriers of balanced translocations involving 4p may produce chromosomally unbalanced offspring who have facial characteristics indistinguishable from de novo cases of Wolf-Hirschhorn syndrome.29
This report extends the documentation of the preponderance of paternal origin of particular chromosomal deletion syndromes. Additional studies of the parental origin of this and other deletion syndromes should provide valuable information on the mutational mechanisms underlying abnormalities of specific chromosomal regions.
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